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SURPLVLQJ VROXWLRQ GXH WR WKHLU JRRG FRPELQDWLRQ RI VWUHQJWK DQG WRXJKQHVV>@ 4	3 DUH &0Q6LPXOWLSKDVH
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VWUHQJWKRYHU03DDQGHORQJDWLRQVDWIUDFWXUHXSWR>@$XWRPRWLYHVKHHWFRPSRQHQWVLQ4	3VWHHOVDUH




EHLQJ H[DPLQHG IRU FRPSDULVRQSXUSRVHVZDV DSSUR[LPDWHO\ WKH VDPHDIWHUERWK VKHDU WHQVLRQDQG FURVVWHQVLRQ
WHVWV+RZHYHUVWXGLHVRQGLVVLPLODU56:RI4	3DQGRWKHU$+66¶VDUHQRWSUHVHQWLQWKHOLWHUDWXUH
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7KHPHFKDQLFDOVWUHQJWKRIWKH4	375,3MRLQWVZDVHYDOXDWHGE\VKHDUWHQVLRQWHVWVDFFRUGLQJWR$:6'0
VWDQGDUG>@ 3DUWLFXODUO\ WKH VKHDU WHQVLRQ VSHFLPHQV VHH )LJ  ZHUH WHVWHG E\ XVLQJ D FURVVKHDG VSHHG RI 
PPPLQ )URP WKH IRUFHGLVSODFHPHQW FXUYHV WKH VKHDU WHQVLRQ VWUHQJWK KDV EHHQ FDOFXODWHG DV WKH SHDN ORDG








WZR SKDVHV RI DERXW  DQG   YRO UHVSHFWLYHO\ 75,3 VWHHO H[KLELWV D PLFURVWUXFWXUH ZLWK D KRPRJHQRXV
GLVWULEXWLRQRIIHUULWHPDUWHQVLWHDQGUHWDLQHGDXVWHQLWH)LJE
7DEOH OLVWV WKHYDOXHVRI WKHQXJJHWGLDPHWHUVRI WKH4	375,3 MRLQWV)URP WKH WULDOVQR WRQRZKLFK





JURXS WKH MRLQWVZHOGHGZLWKDZHOGLQJFXUUHQWRIN$ WKHZHOGLQJ WLPHDSSHDUV DV WKHPRVW LPSRUWDQW IDFWRU
LQIOXHQFLQJWKHZHOGQXJJHW+RZHYHUWKHVLPLODUQXJJHWVREWDLQHGE\WKHVDPSOHVQRDQGQRFDQDULVHIURP
WKH SRUWLRQRI KHDW LQSXW SURPRWHG E\ WKH ORZHU FODPSLQJ IRUFH LQ WKH IRUPHU VDPSOHZKLFKZDVZHOGHGZLWK D
PLQRUZHOGLQJWLPH7KLVDVVXPSWLRQZRXOGDOVRMXVWLI\WKHVLPLODUQXJJHWGLDPHWHUREWDLQHGE\WKHVDPSOHVZHOGHG
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GXULQJWKHWHVWVQRDQGQRHYHQWKRXJKMRLQHGZLWKGLIIHUHQWZHOGLQJWLPHVDQGWKHPD[LPXPQXJJHWGLDPHWHU
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HOHFWURGH IRUFH WKH FRPSRQHQW RI WKH FODPSLQJ IRUFH WKDW FRXQWHUDFWV WKH IRUFH IURP WKH PROWHQ PHWDO>@
7KHUHIRUH WKH ULVN RI PHWDO H[SXOVLRQ LV FRQVLGHUDEOH DW KLJKZHOGLQJ FXUUHQWV 7KLV LV WKH FDVH RI WKH VDPSOHV
ZHOGHGLQWKHH[SHULPHQWDOWHVWVQRQRDQGQR7KHVHVDPSOHVVKRZVKHDUWHQVLRQVWUHQJWKVORZHUWKDQWKRVH
RIWKHVDPSOHVZHOGHGLQWKHWHVWVQRDQGHYHQLIWKH\GLVSOD\VLPLODUQXJJHWGLDPHWHUV
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5HJDUGOHVVRIWKHZHOGLQJFXUUHQWOHYHOWKHZRUVWVKHDUWHQVLRQVWUHQJWKVZHUHREWDLQHGIURPWKHVDPSOHVMRLQHG
LQ WKHZHOGLQJ WHVWQR7KLV LVDWWULEXWHG WR WKHPD[LPXPOHYHORI WKHFODPSLQJIRUFHN1DQGWKHPLQLPXP
OHYHORIWKHZHOGLQJWLPHPVXVHGLQWKLVWHVW7KHVDPSOHVZHOGHGLQWKHWHVWQRH[KLELWWKHPD[LPXPVKHDU





3.3. Modes of fracture 
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)LJXUHV D DQG F GLVSOD\ WKH LQWHUIDFLDO IUDFWXUH DQG WKH EXWWRQ IUDFWXUH DV REWDLQHG E\ VFDQQLQJ HOHFWURQ
PLFURVFRS\UHVSHFWLYHO\)LJXUHDVKRZVWKDWWKHLQWHUIDFLDOIUDFWXUHRFFXUVLQDGXFWLOHPDQQHUZLWKWKHIRUPDWLRQ
RIGLPSOHV )LJXUH E$V H[SHFWHG WKHGLPSOHV DUH HORQJDWHG DORQJ WKH GLUHFWLRQRI WKH VKHDU WHQVLRQ ORDG7KH
LQWHUIDFLDOIUDFWXUHIRUPHGE\GHFRKHVLRQRIWKHPDWHULDOWKURXJKWKHID\LQJVXUIDFHPDLQO\GXHWRSUHVHQFHRIVPDOO
ZHOGQXJJHWV,QIDFW WKH\ZHUHQRWDEOH WRVXVWDLQ WKHVKHDUVWUHVVHVJHQHUDWHGZLWKLQ WKH56:MRLQWVGXULQJ WKH
VKHDUWHQVLRQWHVWV7KLVFRQGLWLRQRFFXUUHGLQVRPHVDPSOHVZHOGHGZLWKWKHORZHVWZHOGLQJFXUUHQWDQGWKHVKRUWHU
ZHOGLQJWLPHVWKHWHVWQRDQGQRZKLFKVKRZHGWKHVPDOOHVWQXJJHWVL]HV
7KH WUDQVLWLRQ IURP WKH LQWHUIDFLDO IUDFWXUH DQG WKH EXWWRQ SXOO IUDFWXUH LV SULPDULO\ LQGXFHG E\ WKH EHQGLQJ
PRPHQWWKDWDFWVLQWKHZHOGHGMRLQWDVDUHVXOWRIWKHURWDWLRQRIWKHZHOGQXJJHWLWVHOIGXULQJWKHVKHDUWHQVLRQWHVW
,QIDFWHYHQWKRXJKWKHORDGLQJFRQGLWLRQLVQRPLQDOO\VKHDUWKHVWUHVVLVSULPDULO\WHQVLOHDVWKH56:MRLQWURWDWHV
GXULQJ WKH WHVW>@7KHUHIRUH DV WKH56:4	375,3 MRLQWVKDYH D VXIILFLHQW VL]H WR VXVWDLQ VKHDU VWUHVVHV WKXV
DOORZLQJ WKH MRLQWV WREH URWDWHG EXWWRQSXOO IUDFWXUHV FDQRFFXU)LJF7KH UHJLRQ VXUURXQGLQJ WKHEXWWRQSXOO
FRQVLVWVRIDPHOWHGDQGWKHQVROLGLILHGUHJLRQWKDWRQO\LQYROYHVWKHID\LQJVXUIDFHEHWZHHQWKHWZRPHWDOVKHHWV
)LJ G WKH KHDW LQSXW JHQHUDWHG GXULQJ WKH ZHOGLQJ SURFHVV ZDV QRW VXIILFLHQW WR PHOW WKH PDWHULDOV EHQHDWK
0RUHRYHU PHWDO H[SXOVLRQV ZKLFK RFFXUUHG DV WKH KLJKHVW ZHOGLQJ FXUUHQW ZDV XVHG JHQHUDOO\ RULJLQDWH PHWDO
VSODVKHVFORVHWRWKHERUGHURIWKHEXWWRQSXOOVDVKLJKOLJKWHGLQ)LJF







:HOGLQJ H[SHULPHQWDO WHVWV ZHUH SHUIRUPHG RQ ]LQF JDOYDQL]HG4	3 DQG 75,3 VKHHWV WR LQYHVWLJDWH WKH VSRW
ZHOGDELOLW\RI WKHVHVWHHOV7KHFRPELQHGHIIHFWVRI WKHZHOGLQJFXUUHQWFODPSLQJIRUFHDQGZHOGLQJ WLPHRQ WKH
PHFKDQLFDO VWUHQJWK DQG RQ WKH IUDFWXUH PRGHV RI 56: 4	375,3 MRLQWV DIWHU VKHDU WHQVLRQ WHVWV KDYH EHHQ
DVVHVVHG7KHFRQFOXVLRQVFDQEHVXPPDUL]HGDVIROORZV
7KHZHOGLQJFXUUHQWDQGWKHZHOGLQJWLPHDUH WKHPDLQSURFHVVSDUDPHWHUV WKDWDIIHFW WKHH[WHQWRI WKHZHOG
QXJJHWDQGWKHVKHDUWHQVLRQVWUHQJWKRIWKH56:4	375,3MRLQWV7KHFODPSLQJIRUFHFDQKDYHDQHIIHFWRQWKHVH
IHDWXUHVRQO\IRUWKHKLJKHVWZHOGLQJFXUUHQWV
 7KH VKHDU WHQVLRQ VWUHQJWK RI WKH 56: MRLQWV PDLQO\ LQFUHDVHV DV WKH ZHOGLQJ FXUUHQW DQG ZHOGLQJ WLPH
LQFUHDVHV+RZHYHUPHWDOH[SXOVLRQUHGXFHVVLJQLILFDQWO\WKHPHFKDQLFDOUHVLVWDQFHRIWKHZHOGHGMRLQWV
 0HWDO H[SXOVLRQ ZKLFK RFFXUV DW WKH KLJKHU OHYHO RI WKH ZHOGLQJ FXUUHQW  N$ OLPLWV WKH DFKLHYDEOH
PD[LPXPVKHDUWHQVLRQVWUHQJWKRIWKH56:MRLQWVKRZHYHULWGRHVQRWVHHPWRDIIHFWWKHZHOGQXJJHWGLDPHWHU
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7KH56:MRLQWV IDLOHGGXULQJ WKHVKHDU WHQVLRQ WHVWVE\HLWKHU LQWHUIDFLDO IUDFWXUHRUEXWWRQSXOOIUDFWXUH WKH
ODWWHUPRGHRI IUDFWXUHEHLQJSUHGRPLQDQW7KH LQWHUIDFLDO IUDFWXUHFDQRQO\RFFXU LQ WKHVDPSOHVZHOGHGZLWK WKH
ORZHVWZHOGLQJFXUUHQWN$ZKHQWKHVPDOOHVWZHOGHGQXJJHWZHUHREWDLQHG
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